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The critical behavior of density fluctuations in rnicrOemulsions with a droplet structure can be treated analogously to simple fluids, because the radius is virtually constant throughout the phase separation and the droplet density may be regarded as an order parameter. Because of the nature of the droplet systems, its critical behavior is expected to belong to the 3D Ishg universality class.
However, the observed cptical exponents do not always coincide with the exact values of the 3D king model. In particular, the well-known ternary system (WDA), consisting of an oil-rich mixture of Water, n-Decane, and AOT (dioctyl sulfosuccinate sodium salt) has been the subject of a range of experimental investigations. [l -41 This system is homogeneous at raom temperature and decomposes as the temperature is increased, thus exhibiting critical phenomena below the decomposition temperature, i. e. the phase diagram show an LCST transition. The various experimental studies performed on this system gave values of the critical exponents, y and v, which did not coincide with either the 3D-Ising or Fisher's renormalized 3D-king values.
Alternatively, Kiselev and his coworkers 15, 6 1 have proposed an analytical form of the susceptibility, which describes the fluctuations of the order parameter over the &hole temperature range in the mixed state of the system, where$,=S,Gi/C, and 5= zlGi are arenormalized susceptibilityand ternperatwe. SO, Gi, Cm, and z= I T ' ' -I/G' represent the susceptibility of the order parameter fluctuation, the Ginzburg number (i.e. the value of reduced temperature separating the mean field and 3D-Ising regions), the critical amplitude of the mean field approximation and the reduced temperature, respectively. This theory has the advantage that it may be applied quite generally over the whole crossover regime including the scaling limits both very near and very far from the critical point. Set0 et al. [7] have recently used this approach to interpret SANS data from WDA microemulsions, and showed that the critical behavior can be explained by a crossover from the mean field to 3D king regimes. The Ginzburg number was found to be of the order of 10-3, which is an order of magnitude smaller than in simple fluids. This finding suggests that the dominant interactions underlying the phase separation are long-ranged. In this system, three types of interactions between droplets are known; a hard core repulsive force, a hydrophobic attraction, and an electrostatic interaction originating in the charge fluctuations. I81 Among these interactions, the electrostatic one should control the phase separation phenomenon, because ra@er strong attractive forces are required to produce LCST behavior, as the system decomposes as the temperature is raised and the entropy increases. This hypothesis is consistent with the small value of the Ginzburg number because the electrostatic interaction must be long-ranged.
In order to clarify the relation between the phase behavior, interactions between droplets, and the Ginzburg number, we have undertaken further SANS studies of critical phenomenon in a different three-component microemulsion system called WBB, consisting of Water, Benzene, and BHDC (benzyldimethyl-n-hexadecyl ammonium chloride). This system also has a water-in-oil type droplet structure at room temperature and decomposes with decreasing temperature. Above the used to contain the samples, whose temperature was controlled by a circulation bath system with an accuracy of f 0.2 K. The chemicals, BHDC, benzene, D20, and H2O were purchased from Tokyo Kasei Co. Ltd., Mallinckrodt Inc., Aldrich Chem. and J. T. Baker Inc. It is not known whether the phase transition may be perturbed by isotope effects, due to H20 with DzO, so in order to minimize this possibility, we prepared four mixtures where the volume fraction of each composition is almost the same as the critical composition for pure HzO, i. e., mass ratios of water to BHDC were 2.026 and 2.005 for the 60 % DzO and 50 % D20 samples, respectively. The mass fractions of benzene with respect to the total mass (CB) were 0.91 and 0.92 respectively (see Table 0 .
In order to fit the observed SANS profiles, we assumed a scattering function which is the product of an intraparticle form factor, P(Q), and an interparticle structure factor, S(Q), with a constant background term IB. An analytical form for the Schultz size distribution proposed by Kotlarchyk and Chen [ll] was used to model possible polydispersity effects. Thus, the fitting parameters are the scattering density difference between the droplet and the solvent (de), the mean radius of droplet (R), and width parameter of polydispersity (2). We assumed that S(Q) can be represented as the sum of an interdroplet component, SID(Q), and an Omstein-Zemike structure factor Soz(Q) describing the droplet density fluctuation. the interdroplet structure factor, a single
Gaussian function was used.
The fitting parameters obtained for each samples are shown in Table II . Apart from the parameters of Soz(Q), there was little variation with temperature in one phase region. The temperature variation of the susceptibility for the droplet density fluctuation So was obtained and fitted to the crossover function (eq. 1) for the case of 3D-king model, (i. e., y = 1.26 and A = 0.51).
The experimental observations were well described by the function and resultant fitting parameters, T, (in this case, a spinodal temperature was obtained in spite of T,, because the samples were not the critical concentration), Gi, and CMF, are shown in Table III . The values of Ginzburg number are of the order of 10-2, which is an order of magnitude greater than in the case of WDA and is o f the same order as in simple fluids.
The polydispersity was estimated from the observed values of 2 and was very small (i. e. a few percent). The value of Qo indicates that an interdroplet correlation exists with a spacing of about (radius -5 nm), which scatter uniformly. Therefore, the general features of this system are quite similar to those of a simple fluid and may be expected to exhibit 3D-lsing Critical behavior.
In Fig. 1 , the renormaliied susceptibilitia are plotted versus the renonnazized temperature. The data points fall in the intermediate region between the pure-king and the crossover regions, in contrast to the WDA systgm, which stayed in the crossover region. [7] This behavior is reflected in the values of Gi for the WDA and WBB; the former being more mean field-like, while the latter is more Ising-like. As discussed above, mean field behavior is expected when long-ranged interactions are dominant in the phase separation phenomenon. The LCST type phase 'diagram of the WDA system suggests that a temperature dependent attractive force drives the phase separation behavior.
However, the UCST type transitions (as observed in the WBB system) do not require such an interaction. The present results from the WBB system indicate that the droplets scatter rather uniformly and the Ginzburg number is of the same order as that of simple fluids and are therefore consistent with its phase behavior. temperature which is sm@r than the Ginzburg number, i. e., ?= z/Gi 1.
